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CHAPTER 1. INTRODUCTION

1
1.1. Growing Health Concerns

A growing concern throughout the world, especially the United States, is the health

of our population. According to the National Health and Nutrition Examination Survey

(NHANES) performed in 2009-2010, approximately 35% of both men and women in the

United States are obese (Flegal, 2012). In 2005, more than 300,000 deaths in the United

States were attributed to obesity. However, the World Health Organization listed obesity
as one of ten most preventable health risks (Wilborn, 2005).

Why, then, do we as a society struggle so much with our weight? Some, such as

Swinburn, believe this trend of obesity can be attributed to the increasing availability,
marketability, processing, and affordability of unhealthy food (Flegal, 2012). Here’s a

question to be considered. Does our society actually have a taste preference for cheap,

easy, and fatty fast food that is contributing to this epidempic?

It has long been known that the human taste system responds to stimuli in five

categories: sweet, salty, sour, bitter, and umami (Chen 2011). Could we add fat to that list?
My thesis aims to assess the ability to produce free fatty acids from lipids in the oral cavity.
1.2. Triglycerides and Free Fatty Acids

Lingual lipase is an enzyme in the oral cavity of mammals that breaks down

triglycerides into its free fatty acid (FFA) components (Kawai 2003). Could the reason for
the lipolysis in the oral cavity be for tasting purposes? Past experiments have shown that
rats possess the ability to form taste preferences and distinguish between solutions with
and without FFAs (McCormack 2005). More specifically, these experiments have shown
that fats seem to increase a taste preference or aversion to other taste senses. Sweet

solutions with FFAs are preferred over sweet solutions without them. On the other hand,
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salty, bitter, sour, and umami solutions without FFAs are preferred to the solutions with
the FFAs present (Pittman 2006).

This thesis focuses on the degree that lipase in human saliva is able to break down

triglycerides into FFAs. To date, little investigation has been performed to determine to

what degree lipolysis of triglycerides into FFAs occurs during mastication (Kulkarni 2012).
Corn oil, the main medium in these experiments, has significant proportions of oleic acid,
linoleic acid, palmitic acid, and stearic acid in its composition (Fatty Acid Composition
2014).

1.3. Can We Taste Fat?

To explore whether human lipase can break this oil into these FFA components,

samples of oil and saliva were analyzed. Determining the concentrations of free fatty acids
in saliva prior to and following mastication of fats are used to determine the capabilities of

lipase to generate free fatty acids from lipids. To determine the concentration of individual
FFAs in each saliva sample, gas chromatography-mass spectrometry (GC-MS)

instrumentation was employed. Separation, identification, and quantification via GC-MS

have been performed successfully on many commercially available oils (Rubinson 1997).

CHAPTER 2. EXPERIMENTAL SECTION

2.1. Instrumentation

All samples were run on an Agilent Technologies 7820A Gas Chromatograph with a

5975 Mass Spectrometer (GC-MS). A general schematic of the different parts of this

instrument is shown in Figure 1. Gas chromatography uses a gaseous mobile phase, often

helium, to separate analytes in a sample. The carrier gas mobile phase travels through the
column to push the analytes to the detector, where the results of the separation are
displayed on a computer.

2.1.1. Mobile Phase

Helium offers a few advantages as the chosen mobile phase. Other options include

nitrogen gas or hydrogen gas. Nitrogen does not provide as optimal of a flow rate or

separation as helium or hydrogen, so it is not used commonly. In high concentrations,
hydrogen gas is explosive. Although GC-MS techniques do not create dangerous

concentrations of hydrogen, the carrier gas does decrease the efficiency of the instrument.
This pump is simply used to create and maintain a high vacuum state. For these reasons,

helium gas provides a happy medium in resolution and flow rate as the mobile phase and
was utilized throughout this research.

2.1.2. Injection

The sample is automatically injected onto the column through a rubber septum.

There are three possible types of injection: split, splitless, or on-column. A visual

comparison between these three injections is shown in Figure 2. Split injections take a

small amount of sample, typically less than one microliter, and quickly inject it into a high
temperature evaporation zone to force the sample into the gas phase. Mobile phase then
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Figure 1: Schematic diagram of a gas chromatograph (Harris).
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Figure 2: Visual of split, splitless, and on-column injections (Harris).
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pushes the gaseous sample to a split port, where a small portion of the sample continues to
the column and most goes to a waste port. For this reason, it is a good injection technique
for concentrated samples.

Splitless injections use a larger volume of a more dilute sample, usually around two

microliters. Again, this sample is heated to the gas phase but to a slightly lower
temperature than a split injection; a splitless injection spends more time in this

evaporation zone, so the temperature is lowered to avoid decomposition. Most of the
sample is then slowly inserted onto the column. On-column injections are useful for

samples that have low boiling points; they avoid going through the hot injector and are
injected directly onto the column. The warming of the column initiates the
chromatography process.

2.1.3. Column

The column the sample proceeds through is an open tubular column, with a fused

silicon dioxide stationary phase that is coated with polyimide (PLOT column). The column
has an extremely small diameter, and is 40 meters long, coiled up inside of the oven.
2.1.4. Detector

The sample eventually reaches the detector, which on this instrument is a mass

spectrometer with selected ion monitoring. Mass spectrometry provides qualitative and

quantitative information about the injected sample. Qualitatively, a mass spectrometer can
identify a peak by comparing it to peaks within an internal reference library. Through

retention times and mass fragment (m/z) ions, individual analytes from a mixture can be
identified. Quantitative analysis can be performed through analyzing the peak areas and

utilizing various calibration techniques. An internal standard calibration was chosen for
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the method of calibration for this research.

2.2. Method

Samples were run on the GC-MS using a 1 microliter splitless injection. The helium

flow rate was set to 10 mL/minute. A solvent delay of 5 minutes was employed. Initially,
the column oven was set to 70°C. The column first underwent a temperature ramp to

130°C at 30°C/minute. Once 150°C is reached, the column temperature was held for five

minutes. A second temperature ramp raised the temperature of the column to 300°C at a

rate of 15°C/minute. Once again, the temperature was held for five minutes once 300°C is

reached. The total run time was 22 minutes for one injected sample.
2.3. Target Free Fatty Acids

Oleic acid, seen in Figure 3, has a chemical formula of C18H34O2, a molecular mass of

282.46 g/mol, and a boiling point of 360°C. It is characterized by one cis double bond and

terminates with a carboxylic acid. Linoleic acid, seen in Figure 4, has a chemical formula of
C18H32O2, a molecular mass of 280.45 g/mol, and a boiling point of 230°C. It is

characterized by two cis double bonds and terminates with a carboxylic acid. Palmitic acid,

seen in Figure 5, has a chemical formula of C16H32O2, a molecular mass of 256.42 g/mol, and
a boiling point of 351°C. It is characterized by a saturated carbon chain and terminates
with a carboxylic acid. Nonadecanoic acid, seen in Figure 6, has a chemical formula of

C19H38O2, a molecular mass of 298.5 g/mol, and a boiling point of 236°C. It is characterized

by a saturated carbon chain slightly longer than that of palmitic acid and terminates with a
carboxylic acid. Nonadecanoic acid was used as the internal standard free fatty acid.
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Figure 3: Structure of oleic acid

Figure 4: Structure of linoleic acid

Figure 5: Structure of palmitic acid

Figure 6: Structure of nonadecanoic acid

2.4. Predicting Sample Elution

9

Two characteristics of molecules are used to predict their elution from a

chromatography column – polarity and boiling point. The silicon-based column used on

the GC-MS is a nonpolar stationary phase. Nonpolar molecules will be more attracted to
the column than polar molecules; therefore, polar molecules will tend to elute from the
column first, followed by increasing nonpolar molecules. Boiling point must also be

considered. Generally, compounds with low boiling points will elute from a column before
those that have higher boiling points. The actual elution order of a mixture of analytes is a
delicate balance between the polarity of the molecules and their individual boiling points.
Based upon the properties of the analytes involved in this research, their elution

order can be predicted. The compounds arranged in order of increasing boiling point are
as follows: linoleic acid, nonadecanoic acid, palmitic acid, and oleic acid. In order of

decreasing polarity, the compounds can be arranged: nonadecanoic acid, palmitic acid,
oleic acid, and linoleic acid. It can be assumed that the compounds will elute in the

following order: palmitic acid, linoleic acid, oleic acid, and lastly nonadecanoic acid.
2.5. Esterification

Esterification of free fatty acids was performed to derive methyl ester derivatives of

the molecules. By vortexing 1 mL of hexane, 0.1 mL of the FFA sample, and 1 mL of a
sodium hydroxide/methanol solution. The sodium hydroxide/methanol solution is

prepared by dissolving 0.55 grams of sodium hydroxide in 50 mL of methanol (Dauqan

2011). After vortexing, two layers are observed. The esterified sample used for GC-MS
analysis is in the top, organic layer.

2.6. Preparation of Saliva Samples
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To keep the analysis of these two samples as similar as possible, similar procedures

are used on both samples.

2.6.1. Active Sample

A volume of 9.5 mL of saliva is collected into a vial, then 0.5 mL of oil are added to

the sample. The vial is vortexed for three minutes. Next, two mL of ethanol are added to
the solution. The sample is again vortexed for three minutes. The solution is esterfied

according to the procedure described in section 2.4. The GC-MS sample is collected from

the top layer of the esterification products. It is diluted to fill the analysis vial.
2.6.2. Inactive Sample

A volume of 9.5 mL of saliva is collected into a vial. Two mL of ethanol are added to

the solution before it comes into contact with any oil. The sample is vortexed for three

minute. Next, 0.5 mL of oil are added to the sample. The sample is again vortexed for three
minutes. The solution is esterfied according to the procedure described in section 2.4. The

GC-MS sample is collected from the top layer of the esterification products. It is diluted and
then placed into an analysis vial.

2.7. Methods of Calibration

There are three different methods of calibration that can be used when quantifying

peaks in a chromatogram. The first is a standard addition. In a standard addition, known
amounts of a solution with a known volume are added to a solution with an unknown
concentration. By examining the increase in instrument response, the original
concentration of the unknown solution can be determined.
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Secondly, an external standard could be used. An external standard utilizes a series

of solutions of known concentrations. These solutions are used to create a calibration
curve, a graph that shows instrument response as a function of concentration. The
concentration of an unknown solution is determined by measuring the instrument

response to the sample and seeing where the corresponding concentration would lie on the
calibration curve.

The last method is an internal standard. To employ an internal standard, a solution

with known concentrations of analyte and standard is prepared. Its chromatogram is
analyzed to determine the response factor between analyte and standard. After the
response factor is known, a known amount of standard is added to a solution with
unknown concentration of analyte.

Area of analyte signal =
Concentration of analyte

F * area of standard signal
concentration of standard

By observing the instrument response to the analyte, the concentration of the unknown can
now be determined.

AX = F * AS
[X]
[S]

Throughout this research, an internal standard calibration technique was used.

CHAPTER 3. RESULTS AND DISCUSSION
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3.1. Method Development

Developing the proper method to analyze samples on the GC-MS was the first

critical step in this research. Finding the best conditions on the GC-MS to separate all

analytes in a sample and producing high resolution peaks with good shape was critical in

being able to analyze the peaks qualitatively and quantitatively.

The main setting on the GC-MS that was altered to produce the best peak shape was

the ramp time. To test this, a sequence was set up that ran various temperature ramps. A
range of temperature ramps from 5°C/minute to 25°C/minute were tested. Figure 7,

Figure 8, and Figure 9 show temperature ramps of 5°C/minute, 15°C/minute, and

25°C/minute, respectively. Figure 7 and Figure 9 only seem to show three analytes, two

with large signals and one later with a much smaller signal. However, looking at Figure 8, a
fourth peak seems to appear as a shoulder on the right side of the largest peak. Although
these peaks are not very resolved, it gave the best results out of any temperature ramps,
and all future samples were run with a temperature ramp of 15°C/minute.
3.2. Elution Order

Although the peaks are not completely resolved, they could still be identified

through the internal library of the instrument. The computer’s identification was

confirmed through running individual standards of each fatty acid through the GC-MS
under the same method. Seeing peaks with identical retention times as those in the
samples confirmed the fatty acid.
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The first compound to elute from the column is palmitic acid with a retention time

of 13.283 minutes. Oleic acid is the next to elute with a retention time of 14.557 minutes.

Linoleic acid comes off the column almost simultaneously, with a retention time of 14.566
minutes. The last compound to elute from the column is nonadecanoic acid with a

retention time of 16.636 minutes. As seen in Figure 8, the previously predicted order is
indeed the order the compounds elute from the column.
3.3. Esterification

Figure 8 also shows extreme tailing characteristics that each peak possesses.

Tailing occurs when the analyte interacts strongly with the stationary phase and in a way

sticks to the column. In this instance, the silica stationary phase possesses hydroxyl groups
that can hydrogen bond with the analytes. To prevent tailing, the carboxylic acids of the

fatty acids can be esterified with a methyl group. The more nonpolar nature of the methyl

group compared to a simple hydrogen atom prevents the compound from interacting with
the silanol (Si-OH) sites on the column.

Successful esterification is seen in Figure 10. Aside from not completely separating

the peaks for linoleic acid and oleic acid, the peak shape is narrow and Gaussian. There is a
shift in retention times with the new derivitized molecules. Methyl palmitate has a

retention time of 12.828 minutes, methyl linoleate has a retention time of 14.126 minutes,
(from oleic acid) has a retention time of 14.167 minutes, and methyl stearate has a

retention time of 14.333 minutes. Peak identities were confirmed through the internal
library search on the GC-MS and running standards.

3.4. Dilution
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The peak for linoleic acid in Figure 10 reaches an ion count of 26,000,000. This

shows the sample is extremely concentrated and is possibly saturating the electron

multipliers or detector in the instrument. To solve this problem, the samples were simply
diluted. Figure 11 shows a sample that has been diluted to a 25 mL volumetric flask
instead of the usual 10 mL. The peak, with an ion count of about 300,000, is a more
reasonable concentration for the instrument to handle.

3.5. Active versus Inactive Samples

The inactive saliva sample is first treated with a small amount of ethanol to

terminate enzyme activity before it comes into contact with any oil. The inactive saliva is

then mixed with corn oil for a specific time interval. The active saliva sample is treated the
same, except the ethanol is added to the saliva after the oil has been mixed with it. This

ensures the lipase enzymes do not continue to hydrolyze the corn oil after the experiment

is over. Figure 12 shows a chromatogram of an active saliva sample, and Figure 13 shows a
chromatogram of an inactive saliva sample.

3.5.1. Peak Growth

As shown in Figure 14, which is an overlay of Figure 12 and Figure 13, one can see

an increase in the concentrations of the fatty acids present, giving an indication that the

enzymes in saliva are successful in breaking down the triglycerides in the oil into free fatty
acids.

18

Esterified

30000000

25000000

Ion Count

20000000

15000000

10000000

5000000

0

12

12.5

13

13.5

Time (minutes)

Figure 10: Esterification of fatty acids

14

14.5

15

19

Diluted

250000

200000

Ion Count

150000

100000

50000

0

11

11.5

12

12.5

13

Time (minutes)

Figure 11: Dilution of sample

13.5

14

14.5

15

20

3000000

Active

2500000

Ion Count

2000000

1500000

1000000

500000

0

11

11.5

12

12.5

13
Time (minutes)

13.5

14

14.5

15
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CONCLUSIONS AND FUTURE DIRECTIONS

24

Analyses performed have indicated an increase in concentrations (through FFA

peak area) of FFAs in the active saliva samples when compared to the inactive saliva

samples. This result has been very encouraging and is a step forward in indicating human
lipase has the ability to break down triglycerides into FFAs, which in turn could be tasted.
Additionally, Table 1 and Figure 15 show a quantization of this FFA concentration

increase. Figure 15 shows a numerical representation of the increase in concentration,

while Figure 16 shows a graphical representation. Further analysis of this data shows that

Palmitic acid had a concentration increase of over 1100%, linoleic acid had a concentration
increase of over 1400%, and oleic acid had a concentration increase of over 1200%.

Future studies would include time studies to observe the dependence of fatty acid

concentration on time. By vortexing oil with samples for different lengths of time and

quantizing concentrations, a graph of concentration with respect to time could be created.
Cutting down on vortex time, which represents mastication, would be a more realistic

representation of humans tasting fat. People typically do not chew their food for three
minutes at a time; a time window of 15-30 seconds is more realistic.

Free Fatty Acid

Inactive Experiment
Active Experiment Molar
Molar Concentration*
Concentration*
Palmitic Acid
0.06138
0.6963
Linoleic Acid
0.0891
1.3125
Oleic Acid
0.07238
0.9104
*Scaled to account for dilution factors
Table 1: Table of Free Fatty Acid concentration increases
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